he implementation of proper agricultural practices is important for reducing the effect of salt stress in plants. Therefore, this experiment was conducted in 2014/2015 and 2015/2016 seasons at Ras Sudr station of Desert Research Center, South Sinai Governorate, Egypt, to determine the most effective selenium (Se) dose and application method on lettuce plants Bruma cultivar under salt stress conditions. Six different Se treatments; Se0 (without application as a control), Se1 (seed soaking in 30 µmol l -1 for 12 h), Se2 (seed soaking in 50 µmol l -1 for 12 h), Se3 (foliar application of 10 µmol l -1 ), Se4 (foliar application of 20 µmol l -1 ) and Se5 (foliar application of 30 µmol l -1 ) were applied. The results showed that Se provision through both of the tested methods improved the plant leaf number, chlorophyll content, as well as N, P, K and Ca concentrations in the leaves, when compared with the control treatment. Moreover, Na content decreased in the leaves, which were treated than those of the control treatment. The plants grown under the Se treatments had larger heads and higher yields than the untreated plants. Foliar spraying was the most effective method of Se application of the lettuce plants, and the best results were obtained with the foliar spraying treatment at 20 µmol l -1 sodium selenate. These results suggest that applying the appropriate dose of Se via foliar spraying has the potential for use as an efficient and practical method of improving plant growth and enhancing salt-stress resistance in lettuce plants.
salts in the root zone, which reduce the plant's ability to absorb water and necessary nutrients from the soil thereby causing water deficit, competitive effects on ion absorption, osmotic stress, ion-specific toxicity and disruption of the nutrient transport within plants (Unlukara et al., 2008 and KeLing et al., 2013) . Selenium (Se) is an essential micronutrient for maintaining human and animal health. Although, it is not yet considered an essential element for higher plants, this status is recently given augmenting (Diao et al., 2014) . Studies have shown the importance and benefits of Se for plants, particularly under abiotic stress, where it acts as an antioxidant and ameliorates the effects and protects plants under deleterious conditions such as salt stress (KeLing et al., 2013; Kaur and Nayyar, 2015 and Mozafariyan et al., 2016) , also drought stress (Yao et al., 2009 and Nawaz et al., 2015) .
The beneficial effects of Se at low concentrations in plants, which include improvements in vegetative growth and increasing in the quality and production of vegetable crops, have been reported in many species, such as lettuce (Ramos et al., 2010; Melek et al., 2012 and Esringu et al., 2015) , broccoli (Ghasemi et al., 2016) , tomato (Mozafariyan et al., 2016) , melon (KeLing et al., 2013) and potato (Poggi et al., 2000) . Moreover, Pezzarossa et al. (2012) and Zhu et al. (2017) demonstrated that Se treatments represent a promising strategy for delaying ripening and senescence of fruits and maintaining fruit quality, while decreasing the postharvest period losses and extending the shelf life of crops, especially in leafy vegetables. Moreover (Ramos et al., 2010; Pezzarossa et al., 2012; Khaliq et al., 2015 and Mao et al., 2015) reported that low concentrations of Se enhance plant growth, whereas high concentrations have a toxic effect on plants. However, the optimal and effective dose of Se depends on plant species and cultivation conditions (Apolonia et al., 2015) . Selenium deficiency has a direct negative effect on human health. Therefore, fortifying crops with selenium may be benefit for plants and provide a necessary element for human nutrition (Feng et al., 2013) .
The mechanisms underlying the effect of Se on plant performance are poorly understood, especially under stress conditions (Diao et al., 2014; Apolonia et al., 2015 and Sun et al., 2016) , although possible explanations have been provided the positive impact of Se on plants. Se application at low concentrations might enhances plant growth under stress conditions through various mechanisms, for example, Se might reduce the osmotic potential and maintain turgor, enhance the transpiration rate and promote the accumulation of total soluble sugars and free amino acids (Nawaz et al., 2015) or the activity of antioxidant enzymes (Ramos et al., 2010 and Khaliq et al., 2015) . Also, it increases the carotenoid and proline contents (Yao et al., 2009) , enhances photosynthetic pigments and decreases chloride ion contents (Hawrylak-Nowak, 2009 ), also reduces membrane damage and reactive oxygen species (ROS) (Djanaguiraman et al., 2010) , adjusts the uptake and redistribution of essential elements or maintain the ion balance and structural integrity of plant cells (Feng et al., 2013) . Foliar application of Se is the most efficient, economic and safe method for enriching the Se content of plant biomass, also ensuring that plants represent a rich source of dietary Se (Poggi et al., 2000; Hawrylak-nowak, 2009 and Pezzarossa et al., 2012) . Ramos et al. (2010) showed that lettuce plants can be used in the Se biofortification programs as an efficient method to increase the human intake of this element.
Lettuce (Lactuca sativa) represents one of the most important leafy vegetable crops and is affiliated with the Asteraceae family. Lettuce was chosen for this study as representative of vegetables that are sensitive to salt stress. The production of lettuce is not affected even at a salinity level of 1.1 dS m -1 and it shows a negative slope of 9.3% for each unit of added salinity above this threshold value (Unlukara et al., 2008) . Salt stress restricts lettuce growth performance and cause a reduction in the quantity and quality of vegetable crops (Melek et al., 2012 and Kim et al., 2016) .
The aim of this work was to evaluate the impact of Se on growth and productivity of lettuce plant under salt stress conditions, using two fortification methods, seed soaking and foliar spraying at various concentrations. The goal was to determine the best application method and optimum level of Se to develop an effective application protocol to mitigate the adverse effects of salt stress on lettuce plant.
MATERIALS AND METHODS
The experiment was conducted in 2014/2015 and 2015/2016 at the experimental farm of Ras Sudr Station, Desert Research Center, which is located in the South Sinai Governorate, Egypt (30° 34′ N, 31° 34′ E). Lettuce seeds of the Bruma cultivar were provided by the RijkZwaan Company and sown during the first ten days of September in both seasons. The growth of seedlings was monitored for a period of 40 days. Subsequently, the seedlings were transplanted to the experimental area in rows spaced 50 cm apart, with 30 cm spacing between seedlings. The soil physical and chemical properties of the experimental field are presented in table (1). The soil analysis was conducted according to Rebecca (2004) . A drip irrigation system was used with saline water (EC 7.03 mS cm -1 ) pumped from ground well. The experimental design was a randomized complete block design with three replicates. The treatments were as follows: Se0 (without application as a control), Se1 (seed soaking with 30 µmol l -1 for 12 h), Se2 (seed soaking with 50 µmol l -1 for 12 h), Se3 (foliar application with 10 µmol l -1 ), Se4 (foliar application with 20 µmol l -1 ) and Se5 (foliar application with 30 µmol l -1 ). The lettuce seeds were divided into three groups. The first group was soaked in distilled water without selenium and served as a control. The second group, the seeds were soaked in 30 µmol l -1 Se for 12 h.
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The third group, seeds were soaked in 50 µmol l -1 Se for 12 h. After the presoaking treatment, the seeds were removed and their surface dried at room temperature to facilitate the seed sowing process and then sown in foam trays. Foliar spraying with Se was performed a total of 3 times throughout the cropping season, with the first treatment performed before the seedlings were transplanted, and a 10 day interval between the subsequent foliar treatments. All experimental plots received irrigation, pesticide and fertilizer as recommended by the Egyptian Ministry of Agriculture for lettuce cultivation. At harvest, five plants from each plot were sampled to conduct vegetative, chemical and yield measurements. The plant samples were rinsed in distilled water and then blotted to remove excess water. The vegetative and crop measurements included the plant leaf number, chlorophyll content (Inada, 1985) , head diameter and fresh weight and total yield per hectar. The chemical contents of the leaves (e.g., dry matter, N, P, K, Ca and Na) were estimated. The leaf samples were rinsed in distilled water and then dried in an oven at 70°C for 48 h. The nitrogen content was determined using the micro-Kjeldahl method (Jackson, 1973) ; the phosphorus content was determined by the ammonium-molybdate method as described by Jackson (1973) . Potassium and sodium contents were quantified using flame photometer (Irri, 1976) . The calcium content was estimated photometerically according to the method of Brown and Lilliland (1964) .
The data were statistically analyzed by an analysis of variance according to the method described by Gomez and Gomez (1984) using the COSTAT software package. Significant differences were determined using the least significant difference test (L.S.D.) at p ≤ 0.05 (Snedecor and Cochran, 1980 RESULTS AND DISCUSSION
Plant Leaf Number and Leaf Chlorophyll Content
The plant leaf number and leaf chlorophyll content as influenced by the pre-soaking of seeds and foliar spraying of Se are shown in table (2). The results showed that the plant leaf number and leaf chlorophyll content were significantly different depending on the method and rate of Se application and these parameters were generally increased under the Se fortification when compared with the untreated plants. The highest leaf number and leaf chlorophyll content values were observed in the plants treated with foliar spraying at 20 µmol l -1 , whereas the lowest values were observed in the control treatment (without Se) in both growing seasons. A similar positive impact of Se was observed by Ghasemi et al. (2016) and Mozafariyan et al. (2016) , although a marked effect on the chlorophyll content was not observed by Haghighi et al. (2016) . Additionally, Mao et al. (2015) reported that Se at low concentrations enhances the growth of broccoli plants, whereas high concentrations discourage plant growth. These findings demonstrated that Se fortification of plants can serve efficiently as a mitigating agent against the deleterious effects of salt stress. The positive effect of Se on plant growth and chlorophyll content may be attributed to the improvement of photosynthetic capacity and the greater synthesis of carbohydrates and proteins, which increase plant growth (Hawrylak-Nowak, 2008a; and Apolonia et al., 2015) . Also, Se applications can improve plant performance and alleviate the adverse effects of salt stress by improving the integrity of cell membranes by increasing the relative leaf water content and the photosynthetic pigments concentration to provide protection from free radicals (Mozafariyan et al., 2016) . Furthermore, Se applications can induce higher plant root volume, which may increase the absorption efficiency of water and elements (Haghighi et al., 2014) . The increase in the proline content and enzymatic activities could decrease the damage of membranes via enhancing antioxidant defense under stress conditions (Akladious, 2012) and may also promote certain plant growth parameters, such as the plant leaf number and leaf chlorophyll content in the Se-treated plants.
Yield and its Components
Selenium applications can offset the negative impact of salt stress on lettuce yield and its components. The Se seed soaking and foliar spraying treatments caused a significant elevation in total yield and improved the yield characteristics, such as head diameter and fresh weight (Table 2) . However, the foliar spraying treatment was the most effective method of Se enrichment. The application of foliar spray at 20 µmol Se l -1 resulted in the highest values of head diameter and fresh weight, as well as total yield, whereas the control treatment resulted in the lowest values in both growing No. 2, 255-267 (2017) 251-263 (2017) seasons. These results are consistent with those of Esringu et al. (2015) and Ghasemi et al. (2016) . These benefits might be related to the influence of Se on the plant water status by maintaining turgor and gas exchange and enhancing the activity of osmoprotectants and antioxidant machinery under stress conditions (Nawaz et al., 2015) , Additionally, Se applications can induce protective responses against salt stress by enhancing antioxidative activity, increasing the accumulation of proline and photosynthetic pigments, besides decreasing the chloride ion content (Hawrylak-Nowak, 2009), thereby resulting in higher plant growth and chlorophyll content (Table 2) , which leads to increase in plant yield. 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 2015/2016 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***)
Chemical Contents of Lettuce Heads
As shown in tables (3 and 4), Se supplementation by soaking and foliar spraying resulted in higher contents of dry matter, N, P, K and Ca in the lettuce plants in both experimental seasons. The highest values were obtained when the plants were treated with foliar spray at 20 µmol l -1 . The increases were significant when compared with control treatment in both seasons. These results are consistent with the work of Hawrylak-Nowak (2008b) , Abul-Soud and Abd-Elrahman (2016) and Castillo-Godina et al. (2016) . The effect of Se on plants depends mainly on its concentration. According to Hamilton (2004) Se has three levels of biological activity: (1) Trace concentrations are required for normal growth and development; (2) Moderate concentrations can be stored to maintain homeostatic functions; and (3) High concentrations may result in toxic effects. The doses of Se applied were appropriate for modifying the uptake and accumulation of minerals that are important for metabolism (Kopsell et al., 2000 and Pazurkiewicz-Kocot et al., 2003) . Moreover, Se has been shown to have a positive impact on the activity and permeability of the cellular membrane, which may represent one of the earliest symptoms of the influence of Se on plants (Kinraide, 2003) . The results showed that significant reduction in Na content occurred in the lettuce plants under Se application. The lowest values were observed with the foliar spraying treatment at 20 µmol Se l -1 in both growing seasons, suggesting that most of the effects of salt stress mitigated by Se are a result of a reduction in the uptake of Na + ions. The findings presented here are consistent with those of Kaur and Nayyar (2015) , who reported that the underlying reasons for the agonistic effect of Se on the uptake of sodium are not well understood.
CONCLUSION
In conclusion, the results of the present study indicate that foliar spraying of Se at an appropriate dose may represent an effective and practical method of improving lettuce growth and yield and alleviating the adverse effects of salinity stress on plants. Selenium fortification led to significant improvements in the plant leaf number, chlorophyll content and nutrient contents (N, P, K and Ca), whereas Na content is significantly lower than that of the control treatment in lettuce plants. The present study has underlined the importance of Se treatment (20 µmol Se l -1 ) as foliar spraying in increasing the lettuce head fresh weight and total yield. This study underlines the urgency for extending this investigation to different crops. 
